Iron as a hepatotoxin.
Although essential for life, iron in excessive amounts may be toxic. The liver is particularly subject to the toxic effects of iron, since it is the major site of iron storage. Several inherited and acquired human disorders may result in hepatic iron overload, the most common of which are genetic hemochromatosis (GH) and transfusional iron overload. GH is an inherited disorder of iron metabolism, and in patients with GH excess iron absorbed from the gut is transported through the portal vein to the liver. The mechanisms by which excess iron exerts its cytotoxic effects include enhanced formation of free radicals and peroxidation of organelle membrane lipids. Lipid peroxidation can lead to structural and functional alterations in lysosomes, mitochondria and the endoplasmic reticulum. With massive iron overload, such iron-induced alterations may cause cell death, also known as sideronecrosis. At this stage, fibrogenesis is initiated and, if the excess iron is not removed, the increased deposition of collagen progresses to cirrhosis. However, the mechanisms underlying iron-induced fibrosis remain unclear. Transformation of fat-storing cells to collagen-producing myofibroblasts has been proposed to be induced either by iron; by lipid peroxides or other cellular factors released from iron-loaded, damaged hepatocytes; or by profibrogenic factors produced by activated Kupffer cells. In addition, iron may enhance the cytotoxic and, possibly, fibrogenic effects of other liver cell-damaging agents, such as alcohol or hepatotrophic viruses. Once cirrhosis is manifest, patients with GH demonstrate a 200-fold increase in the risk for development of hepatocellular carcinoma. In vitro, iron has been shown to possess mutagenic properties, but the results from in vivo models in which the genotoxic effects of iron overload have been studied are variable. Similarly, although iron has mitostimulatory effects on hepatocytes in vivo and preneoplastic cells in vitro, its role in tumor promotion and/or progression still remains unclear. Cirrhosis itself is of central importance in the carcinogenic process, but whether or not iron acts as an additional risk factor in this process, alone or by enhancing the tumorigenic properties of other hepatocarcinogens, has yet to be established.